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Sky Compass 


In polar regions the magnetic compass loses its value 
as a direction indicator because of the weakness and 
directional variability in the horizontal component of 
the earth’s magnetic field. In addition, a_primary 
handicap to navigation has been the lack of a direction 
reference during long twilight periods when neither 
the sun nor the stars can be used. Considerable modi- 
fication of conventional methods of aircraft navigation 
has therefore been required in such regions, where mag- 
netic compasses and other existing instruments are inop- 
erative. To meet this need, the National Bureau of 
Standards has developed a sky compass, which indicates 
the direction of flight from which, with other data, the 
position of the aircraft can be determined. 

The sky compass is based on the investigations made 
by the late Dr. A. H. Pfund of Johns Hopkins Univer- 
sity and is an outgrowth of his twilight sextant. Pro- 


posed initially by Comdr. T. S. Davies, USN, the in- 


_strument was developed principally by F. Cordero, Dr. 


_and the sun. 


D. P. Johnson, and S. H. J. Womack, of this Bureau, at 
the request of the Bureau of Aeronautics, Department 
of the Navy. 

The Pfund sky compass, not to be confused with the 
sun compass, operates on the principle that the light of 
the sky during the day is partially plane polarized, the 
polarization being a maximum at right angles to the 
incident beam from the sun. The plane of polarization 
at any point in the sky thus contains both the observer 
Establishment of this plane also gives di- 
rection, since it points to (or away) from the sun. 
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The principal advantage of the sky compass over the 
sun compass (which measures the direction of the sun 
directly) is its use during twilight, and when the sun is 
several degrees below the horizon, as well as when ihe 
region of the sky containing the sun is overcast, so long 
as there is a clear patch of sky overhead. The sky 
compass is thus of particular value when the sun com- 
pass and the sextant are not usable, after sundown 
before evening stars appear, and after morning stars 
disappear but before sunrise. Since the extent of 
polarization of the sky’s light is greatest at right angles 
to the incident beam of sunlight, the compass is most 
accurate in the polar regions, where it is also most use- 
ful, because of the long duration of twilight and the 
weakness and inaccuracy of the magnetic compass at 
high latitudes. 

Essentially, the sky compass consists of an analyzer 
for determining the plane of polarization of the light, 
an azimuth circle on which the sun’s computed azimuth 
can be set, and a clock that drives a chosen reference 
line in synchronization with the sun’s apparent motion, 
that is, one revolution in 24 hours. For convenience in 
observing a portion of the sky around the zenith through 
the analyzer, the analyzed beam is turned from vertical 
to horizontal by means of a mirror. 

The analyzer consists of a circular sheet of polaroid, 
and a half-wave plate of cellophane placed over the 
center portion of the polaroid. As the compass is 
turned, the intensity of the light seen through the 
polaroid will change. If the light source is completely 
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plane polarized, the intensity variation will include two 
maxima and two minima (zero intensity) in one com- 
plete revolution, the maxima occurring in the plane of 
polarization, the minima at right angles to it. In gen- 
eral, the sky light will be only partially polarized, so 
that the minimum intensity will not be zero. As the 
extent of the polarization decreases, that is, as the sun 
approaches the zenith, as the sky becomes overcast, or 
when there is ground glare (snow), the variation be- 
tween maximum and minimum decreases. Even when 
the maximum is pronounced with respect to the mini- 
mum, it is difficult for the human eye to judge with 
much exactness when this maximum occurs. To facili- 
tate accurate judgment, the half-wave plate is used. 
This in effect rotates the plane of polarization of the 
light by an angle that depends on the orientation of ihe 
plate’s “optical axis” to the plane of polarization. 
When the optical axis of the half-wave plate is parallel 
to the plane of polarization it does not rotate; when it is 
at right angles to it the plane of polarization is rotated 
180°, or effectively not at all. Thus at four points in 
every revolution, when the optical axis is 0°, 90°, 180°, 
and 270°, the half-wave plate will not rotate the plane 
of polarization. 

By using this effect, together with that of the polaroid, 
a setting may be made by matching the intensities rather 
than by estimating maximum intensity. The light that 
has passed through the half-wave plate appears in the 
form of a star at the center of the field of view of the 
instrument, on the background of the light that has 
passed only through the polaroid. At four points in a 
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Left: Principal parts of the Pfund sky compass, developed by this Bureau for use in polar regions, are the azimuth 
scale, A; the base, B; the clock, C, for rotating the polaroid analyzer, Z, with the sun; a time scale, D; indices I and 
L; and a knob, K, for rotating viewing mirror, M. Right: A view through the mirror of the analyzing polaroid unit 


of the sky compass. 


To obtain the reading indicated on the azimuth scale, the instrument as a whole must be rotated 


so the intensity of the transmitted polarized light through the central star and background are equal. 
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complete revolution, as indicated above, the intensity in 
the two light paths will be the same, and the field will 
blend into a homogeneous whole. Two of these matches 
(at right angles to the plane of polarization) will be 
“dark”, the other two will be “light”, so that a light 
match determines the plane including the sun, and it is 
only necessary to be able to distinguish by direct ob- 
servation of the sky the general directions “toward” and 
“away from” the sun. 

The sensitivity of the instrument depends on the angle 
between the optical axis of the half-wave plate and that 
of the polaroid. In analyzing light that is completely 
plane polarized, such as that obtained in the laboratory, 
this angle is made small to increase the sensitivity, but 
under actual conditions, with only partially plane polar- 
ized light, the angle should be set at about 30°. 

By using this type of setting and reading in conjunc- 
tion with azimuth tables, an. accuracy of 1° may be 
obtained in measuring the sun’s direction. On an air- 
plane, the accuracy is expected to be somewhat less than 
with the experimental model, because of such factors as 
difficulties.in levelling. Both the accuracy and sim- 
plicity of use increase as either the north or south pole 
is approached, because of the lower altitude of the sun 
and because the deviation of the sun’s azimuth from that 
corresponding to local apparent time is negligible. The 
compass may be read when the sun is as much as 7° 
below the horizon, but accuracy drops quickly when 
clouds obscure the zenith. 


The principal parts of the sky compass are a base- 
mounted azimuth scale, an analyzer unit, a driving 
clock, and a 45° mirror. On the base of the instrument 
is mounted an azimuth index and a clamp for rotating 
the azimuth circle. The top unit of the instrument 
consists of three centerless gears, to the uppermost of 
which is attached the analyzer unit, to the middle an 
index, and to the lowest the mirror. The mirror may 
be rotated by turning a knob on the time scale. This 
will normally be required after any change in the course 
of the aircraft. 

To use the compass, the operator faces the azimuth 
indicator and sets the clock on the analyzer unit to read 
local apparent time on the time scale. The instrument 
is then rotated on its base until a light match is ob- 
tained, at which time the mark “‘0” on the azimuth scale 
will point either due north or due south, whereas the 
reading behind the azimuth index will be the direction 
the operator faces. In general, it is not difficult. to 
distinguish between north and south or other directions 
separated by 180°. 

In use on aircraft, the azimuth scale is set to read the 
desired course by rotating the azimuth circle and polar- 
izer as a unit. The direction of flight is then altered 
until the light intensities of the two parts of the polarizer 
unit are equal. The directional gyro will aid in dis- 
criminating between the four directions in which the 
intensities match. 


Evaluation of Porcelain-Enamel Texture by a 


Plastic-Replica Technique 


A plastic-replica technique’ by which the texture 
of porcelain enamel may be conveniently studied and 
objectively evaluated has been developed at the National 
Bureau of Standards by J. C. Richmond of the enameled 
metals laboratory and A. C. Francisco, Research Asso- 
ciate of the Porcelain Enamel Institute. Adapted from 
a replica procedure developed for use on machined 
metal, the method of evaluation is based on the measure- 
ment of the haze of an ethyl cellulose replica of the 
enamel surface. Such replicas may be readily exam- 
ined by either transmitted or reflected light, or projected 
for examination of the enlarged image. Details seen 
only with difficulty in the original surface are readily 
visible in the replica, which is a faithful reproduction 
of the surface texture. Another advantage is that the 
replica forms a permanent record for subsequent refer- 
ence. By making a series of replicas during a test or 

1 For further technical data see, The use of plastic replicas in evaluating 


surface texture of enamels, by J. C. Richmond and A. C. Francisco, J. Research, 
NBS 42, (1949) RP1985. 


Faithful reproductions of the surface features of porce- 
lain enamels and similar materials are obtained through 
use of the plastic replica techniques developed at the 
Bureau. Replicas are prepared by spreading an ethyl 
cellulose solution over the surface by means of a rubber 
roller and a thin sheet of plastic. When dry, the replica 
is stripped off and examined for surface texture. 


service period, an investigator may follow the progres- 
sive breakdown of an enamel surface. 

The surface texture of an enamel has an important 
effect upon the appearance and utility of an enameled 
article. 


For most uses, the high gloss usually associated 
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with porcelain enamels is desirable from a standpoint 
of appearance, and the smooth surface enhances the ease 
of cleaning. However, for other uses, such as archi- 
tectural panels, semimat finishes may have an advantage 
from the standpoint of appearance. 

Most enamels, if properly applied and fired, have 
smooth fire-polished surfaces. Surface defects may 
arise, however, from improper application or firing 
of the enamel, or from other causes. Measurement of 
surface texture would aid in evaluating surface defects 
as they occur in the plant. Moreover, a simple quanti- 
tative method for measuring this property of enamels 
should find wide use not only in the plant, but also in 
the laboratory and field. 

When the surface of a typical enamel is abraded, 
etched, or exposed to the weather, it is roughened, the 
gloss is reduced and, in the case of dark colored 
enamels, the reflectance and color may undergo large 
changes. Also, the tendency of the surface to pick up 
and retain dirt is increased. These properties may be 


ve: 
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Surface texture of porcelain enamels is evaluated by haze 
measurements made on the plastic replicas with a haze 
meter. This instrument measures the amount of light 
transmitted by the replica, which is held in the specimen 
holder (right). 


considered the major ones for most uses, although other 
properties of the enamel are affected. The relative im- 
portance of these effects will depend upon the character- 
istics that are considered paramount in any given serv- 
ice. Laboratory tests for resistance to abrasion and 
attack by acids or alkalis are usually designed to repro- 
duce under controlled conditions the mechanisms that 
damage the enamel in service. Therefore, quantitative 
measurements of surface texture should be valuable for 
evaluating and correlating the results of laboratory tests 
with performance in service. 

Plastic replicas of porcelain enamel surfaces are pre- 
pared by a procedure similar to that used by Hersch- 
man ” for replicas of machined metal surfaces. A solu- 
tion is prepared by dissolving 1 gram of ethyl cellulose 
in 100 milliliters of a solvent composed of 80 parts of 
toluene to 20 parts acetone by volume. In making a 
replica, a small amount of this solution is placed near 
one edge of the test area. This solution is spread and 
pressed onto the surface of the specimen under a 4-inch 
square sheet of ethyl cellulose (0.0075 inch thick) by 
means of arubber roller. After drying for a few min- 
utes, the replica can be easily stripped from the surface. 
There is a tendency for the replica to curl on further 
drying, hence it is usually placed in a metal holder im- 
mediately after stripping. ; 

As a part of the Bureau’s investigation, specimens of 


25 enamels, submitted by the Porcelain Enamel Insti- 


tute as representing a wide range of abrasion resistance, 
were given the standard (1942) PEI surface abrasion 
test. This test is based on the measurement of the loss 
in 45° specular gloss of the specimens produced by a 


* Evaluation of the finish of a metal surface by a replica method, by H. K. 
Herschman, J. Research, NBS 84, 25 (1945) RP1625. 


Replicas of many surfaces were studied by Bureau engineers in the development of the procedure for evaluating tex- 
ture by means of the plastic-replica technique: (4) Corrugated drainboard of an enameled cast-iron sink, in which 
most of the abrasion is concentrated on the tops of the corrugations with a few scratches continuing across the 


corrugations ; (B) steel rule (note the fine detail); (C) a china plate after 10 years of service exhibits crazing in 
addition to scratches and abrasion. 


standard surface abrasion treatment. Replicas from 
‘the abraded specimens were then rated by means of 
haze measurements, that is, the amount of light diffusely 
‘transmitted by a specimen, expressed as a percentage of 
the total transmission. One representative specimen 
of each enamel was selected, and the 25 specimens were 
ranked visually by seven observers in order of their 
apparent resistance to the abrasion treatment. Rep- 
\licas of the 25 specimens were also ranked visually in 
the same manner, and by means of haze measurements. 

Comparison of the different methods of rating the 
25 enamels revealed that there was excellent agreement 
between the ratings of replicas as obtained by visual 
estimates and by haze measurements. Ratings of the 
specimens by the PEI loss-of-gloss method agreed fairly 
well with ratings by visual estimates made on the speci- 
mens and with haze measurements made on replicas, 
taken from the specimens. Fairly good agreement was 
also obtained between the ratings by visual estimates 
made on the enameled specimens and similar ratings 
made on replicas. Perfect agreement would not be 
expected in these cases, since different but related prop- 
erties are being evaluated. Poorer agreement was ob- 
tained between ratings by haze measurements on rep- 


licas and by visual estimates on the specimens them- 
selves. 

Although the roughening of the surface of an enamel 
by abrasion affects the appearance in several ways, the 
variable being evaluated by the use of replicas is limited 
to the single factor of surface texture. Hence the haze 
measurements on replicas may provide a better criterion 
of the effect of mechanical abrasion per se than does 
the appearance of the specimens themselves. 

The replica technique should find application wher- 
ever small-scale surface roughness is evaluated. It 
can be used to classify surfaces as mat, semimat, or 
glossy, or to evaluate the degree of roughness developed 
in application of the enamel. It should lend itself read- 
ily to field inspections of enameled articles. Replicas 
made in the field can be examined by the investigator 
at his convenience, or sent to.a central laboratory for 
study. A series of replicas of the same area of a test 
item, made before installation and after successive pe- 
riods of service, will permit a study of the progressive 
break-down of the surface. These replicas can later 
be compared with those from specimens treated in the 
laboratory to determine whether the laboratory test 
produces the type of damage observed in the field. 


Symposia on Numerical Analysis 


The National Bureau of Standards is planning two 
symposia on the effective utilization of automatic digital 
computing machinery to be held in June 1949 at the 
Bureau’s Institute for Numerical Analysis in Los 
Angeles, California. 

Symposium I: Construction and Applications of Con- 
formal Maps.—Applications of conformal maps in such 
fields as aerodynamics and electronics will be empha- 
sized, with special attention devoted to the current 
needs of research workers. Methods of constructing 
conformal maps and the problem of programming them 
on existing and proposed automatic digital computing 
systems will be discussed. In this connection, particular 
reference will be made to the electronic machine now 
being designed at the Institute for Numerical Analysis 
under Dr. Harry D. Huskey. Interested engineers, 
physicists, and mathematicians throughout the Nation 


are invited to this symposium, which is tentatively 
planned for June 24 and 25. 

Symposium II: Probability Methods in Numerical 
Analysis—The second symposium will cover proba- 
bility methods in numerical analysis, with emphasis on 
applications of the “Monte Carlo method” that has 
proven so useful in the solution of many problems in 
mathematical physics. This symposium is being ar- 
ranged jointly by the Institute for Numerical Analysis 
and the Rand Corporation, with the assistance of the 
Atomic Energy Commission. It is tentatively planned 
for June 27 to 29. 

Those who would be interested in attending either of 
these symposia may obtain further information from 
Dr. J. H. Curtiss, Institute for Numerical Analysis, Los 
Angeles 24, Calif. 


Magnetic Moment of the Proton 


if 
/ The magnetic moment of the hydrogen nucleus, or 
_ proton, has been accurately determined in absolute units 
_ by H. A. Thomas, R. L. Driscoll, and J. A. Hipple, of the 
atomic physics laboratory at the National Bureau of 
Standards. When combined with other data, this work 
| gives a precise absolute value for the electron charge- 
_to-mass ratio, e/m. The gyromagnetic ratio of the 

proton, from which the magnetic moment was obtained, 

has been accurately determined by measuring the mag- 
_netic field and radio frequency required for magnetic 
resonance absorption in a proton sample. This is the 
first precise determination of the proton moment in 
absolute units; all previous measurements approaching 


this precision have been made in terms of the relative 
values of other physical constants. The nuclear reso- 
nance method used in this work at the Bureau is a 
natural extension of basic work by Bloch * and by Pur- 
cell, Torrey, and Pound.* 

This new measurement of the proton’s gyromagnetic 
ratio also provides an accurate secondary standard for 
magnetic fields. In the past, laboratory measurements 
involving both magnetic and electric fields have been 
limited by the low accuracy of the magnetic measure- 


3 F. Bloch, Phys. Rev. 70, 460 (1946). 
4N. Bloembergen, E. M. Purcell, and R. V. Pound, Phys. Rev. 73, 679 


(1948). 
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ments. Now the situation is reversed, and magnetic 
fields can be measured more accurately than electric 
fields. This advance will be especially useful in the 
design and development of scientific and industrial ap- 
paratus employing magnetic fields where it is important 
to know accurately the spatial distribution of the field. 

The nuclear resonance techniques developed in the 
course of this work can be applied to good advantage 
wherever the strength of a magnetic field must be closely 
regulated. The problem of magnetic field regulation 
arises widely in the use of scientific apparatus, such as 
cyclotrons, mass spectrographs, and beta-ray spectrom- 
eters, and in industrial equipment, such as servomech- 
anisms and electromagnets. 

Any application of the nuclear resonance techniques 
would make use of properties of the magnetic moment 
arising from the proton’s intrinsic angular momentum, 
or spin. In the presence of a magnetic field, the proton 
can orient itself either parallel or antiparallel to the 
direction of the field. These two orientations then 
represent the alternative spin energy states for magneti- 
cally polarized protons. The parallel orientation is the 
normal state, whereas the antiparallel is the excited 
state, which is higher in energy by an amount that 
depends on the strength of the magnetic field. 

Because of their magnetic moment and angular mo- 
mentum, protons will precess around the direction of an 
applied magnetic field in the same way that a gyroscope 
will precess in a gravitational field. The rate of pre- 
cession—the Larmor precession frequency »—is inde- 
pendent of the proton’s orientation. In a given mag- 
netic field, a proton can reverse its spin orientation only 
by taking on or giving off energy at this one resonance 
frequency. Since magnetic resonance absorption is 
independent of atomic or molecular bonds, ordinary 
water can be used as a proton sample. 

For a given applied magnetic field, the difference in 
energy between the two spin states of a proton with 
magnetic moment » and spin J will be 


hy=pH,/I, 


where / is Planck’s constant and H, is the magnetic 
field strength. Since the proton angular momentum 
a is h/27 times the spin value J, the frequency required 
for spin reversal may be written 


= (H,/27) p/a, 


where the proton’s gyromagnetic ratio, y=p/a. is a 
fundamental physical property with a constant value. 
The magnetic resonance frequency and the magnetic 
field strength are thus linearly related by the expression 


2rv= Hoy. 


If the value of y is known, the field H, can be deter- 
mined from the radio frequency y that produces spin 
transitions in the proton sample. Alternatively, y may 
be determined from the values of H, and y that produce 
magnetic resonance. Since the spin transitions occur 
at ordinary radio frequencies for the usual values of 
magnetic field strength, resonance absorption is not 
difficult to observe. 
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A typical experimental arrangement at this Bureau 
includes a water sample placed in a magnetic field of 
4,700 gauss and surrounded by a small radio-frequency 
coil with its axis perpendicular to the magnetic field. 
Thus, if the coil is excited by a 20-megacycle signal, 
an r—f field will be produced in the sample, and protons 
in the normal spin state will absorb r—/ energy and shift 
to the excited state. A sensitive Q-meter can be used to 
detect the reduction in the Q of the coil resulting from 
this energy absorption by the nuclei. Energy absorp- 
tion can continue to take place because protons in the 
excited spin state gradually return to the normal spin 
state by losing their energy thermally to the surround- 
ings. This return to the normal spin state involves a 


relaxation time that depends on the kind of proton sam- 
ple used; in some cases, the relaxation time may be so — 


In the experimental arrangement (top left), the framewo! 
carrying wire to determine the field strength of the electro: 
screen when the magnetic field and radio frequency have t 
netic fields, protons are randomly oriented in space (lower | 
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spin. In a steady magnetic field (center), most of the pré 
At resonance some protons take on energy from the r-f fie’ 


long that detection of the absorption process would be 
very difficult. In pure water, the relaxation time can 


be shortened by adding a small amount of ferric salt, 
_ which increases the rate of energy absorption without 


)n analytical balance that measures the force on a current- 


altering the gyromagnetic ratio. 


If the value of the field at the sample is varied at an 
audio rate, the r—f voltage across the coil will change 
sharply as nuclear resonance occurs. Resonance can 
then be detected without using a Q-meter since, if the 
voltage pulse from the coil is rectified and amplified, the 
resonance absorption line may be displayed as a sta- 
tionary image on an oscilloscope screen. By including 


a differentiating circuit to obtain the time rate of change 
of the resonance pulse, the magnetic field strength can 
be regulated very closely through a power amplifier 
and feed-back circuit. A regulator of this kind at the 


1absorption line (upper right) appears on the oscilloscope 


ue for resonance. 


In the absence of any electric or mag- 


iat arrows indicate magnetic moment; curved white arrows, 
Jin the direction of the field, whereas some line up opposite. 
cer. 


National Bureau of Standards has given a magnetic 
field stability of two parts in a million for a change of 
one percent in the main magnet excitation. 

In order to measure the gyromagnetic ratio of the 
proton, the magnetic field of the large electromagnet 
was stabilized by this resonance method. The spatial 
distribution of the field was improved by shimming the 
magnet gap; the remaining field variations were then 
mapped to 1 part in 50,000 by probing the field with 
a resonance detector. With the field stabilized, the fre- 
quency of the r—f voltage applied to the coil enclosing 
the proton sample was adjusted to produce magnetic 
resonance. The magnetic field strength was then de- 
termined to 1 part in 20,000 by measuring the force on 
a known length of current-carrying wire placed in the 
field. This wire was in the form of a nine-turn coil 
wound on the edge of a long rectangular glass plate with 
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its lower end in the magnetic field. The plate was sup- 
ported by an analytical balance, so that the force result- 
ing from the interaction of the coil current with the mag- 
netic field could be accurately measured. The stray 
field at the upper end of the coil was reduced to zero by 
a pair of Helmholtz coils, and since the long parallel 
sides of the coil did not contribute any vertical force, 
the chemical balance measured only the force acting on 
the part of the coil along the lower end of the plate. 
The method used in the measurement of the magnetic 
field is similar to one employed previously by Briggs 
and Harper.° 

The frequency of resonance absorption was measured 
to a few parts per million by heterodyning the r—f gen- 
erator supplying the resonance probe against the stand- 
ard frequency broadcasts from the Bureau’s radio sta- 
tion, WWV. These measurements of radio frequency 
and magnetic field are then all that is required to estab- 
lish the value of the gyromagnetic ratio of the proton. 


5G. H. Briggs and A. F. A. Harper, J. Sci. Instr. XIII, No. 4 (1936). 
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(Left) Complete block diagram of the Bureau’s experimental arrangement for the determination of the magnetic 


moment of the proton. 


The force wire measures the magnetic field strength; the reconance detectors stabilize the 
magnetic field and measure the frequency of proton resonance. 
nuclear resonance detector to plot the field strength at various points in the magnet gap. 


An operator (right) adjusts the position of a 
The proton sample 


is enclosed in a glass ampoule between local field coils on the tip of the resonance detector. 


Taking into account the precision of each measurement, 
the resultant value of y turns out to be (2.6752+ 
0.0002) X 10*. The magnetic moment of the proton, in 
absolute units, known less accurately than y because 
Planck’s constant h is only known to about 1 part in 
6,000, is then p= (1.4100+0.0003) < 10-*° gauss cm’. 
Work is now under way to extend the accuracy of these 
measurements even further. 

The Bureau’s research on the absolute proton moment 
makes it possible to examine the accuracy of other 
physical constants whose values depend on magnetic 
field measurements. In a recent experiment reported 
by Taub and Kusch of Columbia University, the nu- 


Capacitance Method 


A convenient, nondestructive method for measure- 
ment of the abrasive wear of textiles ° has been devel- 
oped by Dr. Herbert F. Schiefer, Lawrence E. Crean. 
and John F. Krasny of the National Bureau of Stand- 
ards as part of a program sponsored by the Office of 
the Quartermaster General, Department of the Army. 
Depending only on the change in capacitance of the 
specimen with wear, the method is simple, rapid, and 
highly sensitive. As capacitance is measured without 
disturbing the specimen, readings may be taken at fre- 
quent intervals during a test and the rate of wear thus 
evaluated. 

Although resistance to abrasion is an important fac- 
tor in the serviceability of textiles, the laboratory study 
of this property has been hampered by lack of a satis- 


° For further technical details, see Improved single-unit Schiefer abrasion 
testing machine, Herbert F. Schiefer, Lawrence E. Crean, and John F. 
Krasny, J. Research, NBS 42 (1949) RP1988. 
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clear g-factor of the proton was measured by the molec- 
ular beam method relative to the atomic g-factors of 
certain alkali atoms. Since the nuclear g-factor is 
given by g=(4amc/e) (v/H,), and the gyromagnetic 
ratio is y=2zrv/H,, the electron charge-to-mass ratio 
can be written as e/m=2y/g. Consequently the new 
value of g and the new value of y combine to give a new 
value of e/m—(1.75878+0.00016) X10" emu/g— 
with much greater accuracy than any previous measure- 
ment. In addition, this combination of results com- 
pletely confirms the validity of the theoretical correc- 
tion for the radiative effects of the electron’s magnetic 
moment. 


‘ 


of Measuring Wear 


factory objective method. In addition to visual esti- 
mates of wear and measurements of the time required 
to abrade completely through a sample, a number of 
specialized procedures have been devised, based on 
changes in thickness, air permeability, light transmis- 
sion, and breaking strength of the abraded material. 
However, none of these techniques has proved entirely 
adequate. Measurement of reduction in breaking 
strength has been widely used but has the obvious dis- 
advantage that the specimen must be destroyed in order 
to determine its breaking strength. Thus it is not pos- 
sible by this method to plot a consistent wear curve with 
data obtained from a single specimen. Variations in 
thickness, although of some significance with heavy- 
pile materials, are not necessarily indicative of wear 
in ordinary fabrics. Changes in air permeability and 
light transmission are difficult to interpret in terms of 
wear. since these properties may be altered by flat- 


tening of the nap with use. The method developed at 
this Bureau, on the other hand, measures a property of 
the sample—namely, its capacitance—which is very 
closely related to the amount of material remaining in 
the portion of fabric tested. Since the specimen is not 
destroyed nor altered in any way during the capacitance 
measurement, a complete set of data may be obtained, 
showing the rate of abrasion at all times during the life 
of a single specimen. 

The new method requires only three capacitance 
measurements to determine the extent of wear in a 
specimen over any interval of time. The electrodes of 
a precision capacitor are first adjusted to be slightly 
farther apart than the thickness of the thickest specimen 
to be studied. The capacitance C, of the intervening air 
space is then measured. The capacitance Cy with the 
unworn specimen between the electrodes is next ob- 
tained. and finally the capacitance Cp of the abraded 


specimen. The measure of destruction or ruin. Q, is 
then given in percentage by the formula 
G i v Cr 
= x<100%. 
ORS aie 


As the dielectric properties of textiles vary markedly 
with the percentage of adsorbed moisture, the moisture 
content of the specimen should be kept constant through- 
out any given series of capacitance measurements by 
working in a conditioned room. 

In the laboratory testing of textiles, Cz is taken as 
the capacitance of a specimen after it has undergone R 
rotations against the abradant in an abrasion machine. 
If a number of values of Q are obtained for various 
values of R, then a wear curve may be plotted that is 
found to be characteristic of the fabric tested. In gen- 


eral, woven fabrics become unserviceable when Q ap- 
proaches a value of 50 percent. 

The Bureau’s apparatus employs a capacitor of the 
guard-ring type. In this device a high-voltage electrode 
is supported at a fixed distance from a smaller measur- 
ing electrode, which is surrounded by a guard ring to 
eliminate fringing. The larger electrode is connected 
to the high-voltage terminal of a bridge, and the meas- 
uring electrode and guard ring to the ground-potential 
terminals of the same instrument. Only that portion of 
the total flux from the high-voltage electrode that 
reaches the smaller electrode is measured by the bridge. 
The island and guard ring are so constructed that the 
specimen can be clamped with its worn area over these 
parts. The third electrode is mounted in a heavy hinged 
lid, which can be swung down to a fixed position above 
the specimen. This electrode forms part of the microm- 
eter head for adjusting the distance between it and the 
island electrode to precise known values. The capacitor 
is very heavy and rigid to withstand the shocks of fre- 
quent use. 

The capacitance method has many applications in 
addition to its use for simple abrasion testing. It may, 
for example, be employed as a quick and accurate means 
for exploring the uniformity of textile materials. Also, 
it has been found very convenient for measuring quan- 
titatively the wear of different parts of a garment that 
has been subjected to a service test. Values of Q may 
be obtained over an entire area of the garment, and 
a map of the area made by plotting “isoruin” lines 
through points of equal Q. 

The capacitance method of measuring wear was de- 
veloped at the Bureau for use with the improved 
Schiefer abrasion testing machine (see footnote 6), 
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A method developed at the Bureau for analyzing quantitatively the abrasive wear on different parts of a garment 
is illustrated by the “isoruin” map (right) plotted for the portion of trouser leg shown at left. 


Values of Q, a meas- 


ure of the percentage destruction, or ruin of the material, were obtained from capacitance measurements distributed 
over the trouser leg, and isoruin lines were plotted through points of equal Q. Note the correlation between regions 


of high Q and areas showing a high degree of wear in service. 
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Abrasive wear in textiles is quickly and conveniently determined by the Bureau’s new method, which measures the 


change in capacitance of the specimen. 
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To eliminate fringing, a capacitor of the guard-ring type (left, above) is 


used. The specimen (A), resting on the measuring electrode (C), and the guard electrode (B), supports the speci- 


men clamp (D). 


The third electrode (E) is mounted in a heavy hinged lid (F). 


The three electrodes are con- 


nected to a capacitance-measuring bridge (left) below the capacitor. 


which has been adapted for testing a large variety of 
materials under a wide range of conditions. The origi- 
nal model of the machine was designed by Dr. Schiefer 
in accordance with a mathematical solution to the prob- 
lem of abrading a specimen uniformly in all directions.’ 
This solution requires that plane areas of abradant and 
specimen, in contact under constant pressure, rotate in 
the same direction with the same angular velocity but 


on different axes. The later model has been designed 
for greater rigidity, and new types of abradants and 
specimen holders have been developed. Abrasive wear 
produced on a variety of materials with this model has 
been measured by the capacitance method and found to 
be extremely uniform over the abraded area. Results 
on woven fabrics have been shown to be very similar to 
those obtained in actual service. 


Action of Boron in Hardening Steel 


In a previous investigation at the National Bureau of 
Standards, it was shown that the effectiveness of boron 
in enhancing the hardenability of certain steels depends 
upon the form of the boron at the time of quenching 
and not necessarily on the total amount of boron pres- 
ent. This evidence, based on a determination of hard- 
enability by the end-quench test, was obtained during a 
period of national emergency, when little attention 
could be given to the mechanism of the effect of boron 
on hardenability. The Bureau’s program has since 
been extended to include an investigation of the harden- 
ability of boron-treated alloys and steels with particular 
attention directed to the action of boron on the harden- 
ability of these materials. This research has shown 
convincingly that the action of boron in increasing the 
hardenability is due entirely to a solid solution effect at 
heat-treating temperatures.” 


7 Uniform abrasion in the testing of textiles, NBS Technical News Bulletin 
31, 70 (1947) ; see also J. Research NBS 89, 1 (1947) RP1807. 

8 Influence of boron on some properties of experimental and commercial 
steel, by Thomas G. Digges and Fred M. Reinhart, J. Research NBS 39, 
67 (1947) RP1815. : 

°For further technical details see, Effect of boron on the hardenability 
of high-purity alloy and commercial steels, by Thomas G. Digges, Carolyn R. 
Trish, and Nesbit L. Carwile, J. Research NBS, 41, 545 (1948) RP1938. 
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High-purity iron-carbon alloys containing 0.3, 0.5, 
and 0.7 percent of carbon and other high-purity alloys 
containing 0.4 percent of carbon and 0.7 percent of 
manganese, each type without and with about 0.002 
percent of boron, were prepared for use in this investi- 
gation. In addition, several commercial and open- 
hearth steels (0.4% of C, 1.6% of Mn) were included. 
Determinations of the hardenability of the alloys were 
made in terms of the “critical cooling rate”, which is 
defined as the slowest rate at which the alloy or steel 
can be cooled and be completely hardened. The stand- 
ard end-quench test was used for evaluating the same 
properties of the iron-carbon-manganese alloys and 
commercial steels. Specimens prepared from the alloys 
in the conditions as cast, as forged and homogenized, 
and as heat treated in various ways to precipitate a 
boron constituent were studied metallographically. 
Experiments were also made to determine whether 
boron was lost during the decarburization of commer- 
cial steels and for determining the rate of diffusion of 
boron in austenite of these steels. 

Small specimens of the alloys that were prepared 
from the ingots as cast, and also from bars after forging 
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Photomicrograph of boron constituent in an iron-boron 
alloy. Specimen was heated to 2,000° F, cooled in a lead 
bath at 1,700° F, then quenched in sodium hydroxide 
solution. Boron (dark etching dots) is located in parent 
grain boundaries and in parallel planes within some 
grains, but does not extend to the original surface of the 
specimen (left). 


and homogenizing, were quenched from various tem- 
peratures, and a photographic record of the time-tem- 
perature relationship during the quench was obtained 
by means of sensitive string galvanometer apparatus. 
The cooling time, or rate, thus determined was corre- 
lated with the structure produced in the quenched 
specimen. 

Since the hardenability of most steels is influenced by 
the size of the grains at the time of quenching, a deter- 
mination was made of the grain size established at the 
quenching temperatures of each alloy and steel used in 
the critical cooling rate and end-quench tests. The 
general trend was for the hardenability of the alloys, 
without and with boron, to increase (critical cooling 
rate decreased) as the size of the austenite grains 
increased. 

To determine the primary effect of boron on harden- 
ability, a comparison was made of the critical cooling 
rate of alloys of the same carbon content, without and 
with boron, when quenched from temperatures sufh- 
ciently high to ensure complete solution and uniform 
distribution of carbon in austenite of the same grain 
size. ‘The effectiveness of boron in improving the hard- 
enability of these alloys varied not only with the carbon 
content, but also with the prior history (whether tested 
as cast or as forged and homogenized). With the forged 


and homogenized alloys, no significant improvement 
in hardenability was obtained by the addition of boron. 
With the alloys as cast, the hardenability was markedly 
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improved by the addition of boron with carbon content 
of 0.3 or 0.5 percent, but the presence of boron in the 
0.7-percent carbon alloy again had no material effect 
on its hardenability. The observed difference in hard- 
enability could not be ascribed to a grain-size effect. 
The results of the tests made on specimens initially as 
cast showed that the boron-treated alloys containing 0.3 
and 0.5 percent of carbon had about the same harden- 
ability, and this was greater than that of the 0.7-percent 
carbon alloy. Thus, the effectiveness of boron in in- 


_creasing the hardenability of these alloys decreased as 


the carbon content increased; that is, the improvement 
due to boron was very pronounced with 0.3 percent, in- 
termediate with 0.5 percent, and nil with 0.7 percent of 
carbon. 

Since boron improved the hardenability of the two 
alloys (0.3 and 0.5% of carbon) in the initial condition 
as cast but was practically without effect after hot-work- 
ing and homogenizing, it is clearly apparent that the 
action of boron on hardenability was adversely affected 
during the course of these treatments, probably by the 
exposure to the relatively high forging temperature. 

Boron was lost in the decarburized zone of commer- 
cial steels. Evidence indicated that the diffusion rate 
of boron in austenite is of the same order of magnitude 
as that of carbon. 

The action of boron in increasing the hardenability 
of steel is not definitely known, but tentative explana- 
tions have been reported in the literature. These the- 
ories may be classified on the basis that (1) the im- 
provement is due to boron in solid solution in austenite, 
and (2) a reaction of boron with some other element 
to change the condition of the latter. 

The Bureau’s results and those published previously 
strongly support the conclusion that the effectiveness 
of boron in enhancing the hardenability of certain steels 
is due entirely to its action while in solid solution in 


Distribution of boron in a decarburized layer of boron- 
treated steel, as revealed by a photomicrograph superim- 
posed upon spectrographie data. Left edge of the photo- 
micrograph corresponds to the original surface of the 
specimen, whose characteristic structure (not decarbu- 
rized) is shown at the right. Normal boron content of 
the steel was 0.0038 percent. 
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austenite. Only the portion of the boron that is in 
solution at the time of quenching contributes toward an 
increase in hardenability. The boron undissolved or 
in the form of compounds is either without effect, or 
possibly decreases hardenability by acting as ‘transfor- 
mation centers for austenite in the temperature range 
where pearlite is formed. 

In addition to dissolving in austenite, boron can exist 
in steel in the form of compounds with nitrogen, oxygen, 
iron, and carbon. Some of these compounds are stable 
and are not decomposed at temperatures ordinarily used 
in the heat treatment of boron-treated steels, whereas 
other compounds containing boron may be partially or 
entirely decomposed at these temperatures. Some data 
indicate an increase in solubility of boron in gamma 


iron with increasing temperature, whereas other results” 
indicate a decrease in solubility with increasing tem- 
perature in this field. In any event, only a very small 
amount of boron is retained in solution at heat-treating 
temperatures, and it is possible to obtain the maximum 
response in the hardenability of certain steels by rela- 
tively minute additions of this element. 

When boron enhances the hardenability of a steel, it 


decreases the rate of nucleation and not the rate of 


growth of ferrite and carbide. The boron atom, be- — 
lieved to be located interstitially in the gamma iron lat- — 


tice, is effective in retarding either the rate of formation 


of nuclei or the rate of their growth to the critical size 
necessary for transformation to begin, or both. 
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